Objective: To study the phenomenon that obese subjects show considerable individual variability in their reported relationships between eating and sensations of hunger and fullness. Design: A laboratory study of the relationship between eating behaviour traits and the episodic oscillations in sensations of hunger and fullness in response to obligatory, fixed energy breakfast (481 kcal) and lunch (675 kcal) meals. Subjects: Obese subjects were divided into two groups based on their responses to four 'screening' questions associated with their habitual experience of hunger and fullness sensations before and after eating: those who experienced sensations of hunger and fullness related to eating (Related-R; n ¼ 20, body mass index (BMI) ¼ 42.4 kg/m 2 ) and those for whom eating was not related to hunger or fullness sensations (Unrelated -UR; n ¼ 19, BMI ¼ 41.3 kg/m 2 ). In addition, a control, lean group (Control -C; n ¼ 14, BMI ¼ 22.6 kg/m 2 ) who experienced sensations of hunger and fullness related to eating was studied. Measurements: The Three-Factor Eating Questionnaire (TFEQ) was used to measure the eating behaviour traits, disinhibition, restraint and hunger. Profiles of subjective appetite sensations were continuously monitored across the day using visual analogue scales. Results: All groups displayed clear meal-related oscillations in subjective sensations of hunger, fullness, desire to eat and prospective consumption. In contrast, the TFEQ disinhibition and hunger scores (but not restraint scores) were significantly different (Po0.05) between the groups ((UR; D ¼ 13.570.5, H ¼ 10.070.5), R (D 7.570.6, H 6.170.4), C (D 3.770.5, H 3.770.5)). In addition, analysis of the intra-meal changes in subjective appetite sensations revealed that the UR group displayed a smaller meal-induced suppression of hunger and elevation of fullness. Conclusion: These data indicate that the reported relationship between eating and hunger/fullness was associated with obese individuals showing high or low disinhibition scores. In addition, the data suggest that the processes underlying disinhibition may be associated with a modulation of the recognition of meal-related satiety sensations.
Introduction
One issue relevant to clinical experience and to therapeutic practice is the role of sensations of hunger and fullness in the day-to-day control of eating patterns and food intake. On one hand, it can be argued that the greater the degree of experienced hunger the greater will be the amount of food consumed through an increase in meal size or the frequency of eating episodes. On the other hand, it could be argued that these internal sensations are largely irrelevant and food consumption is determined by variables in the 'obesigenic' environment such as portion size, availability, accessibility, palatability, energy density and others. 1, 2 These two positions can be described as the biological or environmental views of appetite control. In practice, it is likely that an individual's pattern of consumption (and decisions about what, when and how much to eat) is determined by an interaction between their biological propensities (to experience sensations of hunger, fullness, etc.) and their susceptibility to environmental pressures.
This issue is related to our clinical experience in which we have encountered some obese individuals who claim that their eating is unrelated to sensations of hunger or fullness, whereas others describe the opposite situation. These obese people may be describing biology variability, expressed in quite distinctive psychological sensations, which could reflect different processes of appetite control, which in turn would render them more or less susceptible to overeating. Such differences could be related to underlying differences in the fasting levels, or post-prandial profiles, of peptides known to play key roles in appetite regulation. In addition, the perceived presence of the 'state' of hunger or fullness could be related to more enduring 'traits', such as those measured by psychometric instruments such as the ThreeFactor Eating Questionnaire (TFEQ) 3 that are believed to influence habitual dispositions towards food and eating. In turn, the relationship between episodic short-term states (experiencing hunger or not) and the more tonic long-term traits could have implications for the capacity of people to exert control over their own actions as part of a therapeutic regime or a lifestyle programme to control body weight. Is overconsumption mediated by fluctuating 'states' or by more stable 'traits'? In order to begin an examination of these possibilities, we have investigated certain characteristics in those obese people who claim that hunger and fullness are causally related to their eating activities, and those who deny that these sensations have a bearing on their eating. Our experience is that this phenomenon occurs quite widely and is both a problem and a fascinating issue for clinicians.
Materials and methods

Design
Individuals who self-reported habitually experiencing hunger and no-hunger were used to explore the relationship between subjective sensations of hunger and trait measures of the motivation to eat. Obese and lean control subjects were asked four 'closed' (i.e. requiring either a yes or no response) screening questions 1 : Obese subjects who an- were considered not to have sensations of hunger/fullness related to eating (UR-unrelated group, n ¼ 19). In total, 83 obese were screened. Those who did not meet the study criteria were allocated standard clinical treatment programmes as where those who entered the study after completion of the protocol. The control group (n ¼ 14) all had feelings of hunger/fullness related to eating.
Subjects
The obese subjects were recruited from patients referred to the Obesity Unit at Karolinska University HospitalHuddinge, and the control subjects from among staff at the Hospital. The distribution of gender and age was similar for the groups. Body mass index (BMI) was significantly lower in the control group. Mean (7s.e.m.) BMI and age for the three groups are shown in Table 1 .
Study protocol
All subjects were studied after an overnight fast. The TFEQ 3 and visual analogue scales (VASs) for hunger, fullness, desire to eat and prospective consumption (amount of food that subjects think they can eat) as originally devised by Rogers and Blundell 4 were completed on arrival at the laboratory. At 0800 hours, a fixed energy breakfast (481 kcal) was served and at noon a fixed energy lunch (671 kcal) was served. VASs were completed immediately before and after breakfast, every 60 min until lunch (noon), immediately before and after lunch and very 60 min until 1400 hours.
Statistics and ethics
All data are presented as mean7s.e.m. Mixed analysis of variances (ANOVAS) (time repeated and group between subjects) was used to analyse the episodic measures of subjective sensations. An ANOVA with Bonferroni correction was performed for the three groups. A partial correlation was performed between variables with correction for BMI. The study protocol was approved by the Karolinska Institutet Ethics Committee South, and all subjects gave informed consent. (Figure 1) . It was not possible to perform post hoc Bonferroni tests to identify where the interaction occurred. However, one-way ANOVAs for each time did not reveal significant differences between the groups.
Analysis of the intra-meal changes in subjective appetite sensations revealed a number of effects related to the individual groups. The unrelated group displayed a smaller meal-induced suppression of hunger for breakfast (F(2,52) ¼ 5.56, Po0.01), and a significantly smaller elevation of fullness for both breakfast (F(2,52) ¼ 3.49, Po0.05) and lunch (F(2,52) ¼ 4.06, Po0.05) meals (Figure 2 ). There were no differences among the groups with regard to the inter-meal post-prandial changes in appetite sensations.
There was also a noteworthy difference between the profiles for hunger and fullness and the profile for prospective consumption, especially for the unrelated group of subjects. For 'prospective consumption' which evaluates the 'amount of food that subjects think they can eat', the unrelated group showed higher scores at every time point over the course of 6 h (area under the curve for prospective Figure 1 Visual analogue ratings for the three different groups of subjects after an energy-fixed breakfast (0800 hours) and energy-fixed lunch (noon) (arrows indicate breakfast and lunch, respectively). Obese who reported feelings of hunger/fullness in relation to meals (related), those who did not report feelings of hunger/fullness in relation to meals (unrelated) and a group of lean controls who reported feelings of hunger/fullness in relation to meals (control). ANOVA with repeated measures indicated a significant effect of time for all VAS measures (highest F (F(8,400) Eating pattern and sensations of hunger or fullness B Barkeling et al consumption between groups (F(2,52) ¼ 3.2, Po0.05), indicating that they felt they could eat more food than the other groups.
Three-Factor Eating Questionnaire
The TFEQ disinhibition and hunger scores (but not restraint scores) were markedly significantly different between the groups (F(2,51) ¼ 97.7, Po0.001) and (F(2,51) ¼ 40.4, Po0.001, respectively). The unrelated group displayed the highest scores on the factors of disinhibition and hunger, and the controls the lowest (see Table 2 for paired comparisons).
Associations between TFEQ scores and VAS ratings
The experimental hypothesis required exploration of the relationship between the TFEQ trait measures and the sensations of appetite. For the whole group of subjects, there was a significant negative correlation between the intra-meal change in fullness at the lunch and the disinhibition score (rÀ0.32, Po0.05). This significant correlation remained even after correction for BMI. No other significant correlations were noted.
Discussion
This study originated from the clinical observation that many obese people claim to experience no relationship between their pattern of eating and sensations of hunger and fullness. The results of the study have demonstrated a number of features of obese people related to this phenomenon. First, when subjects were tested under laboratory conditions which, obliged them to focus on their hunger experiences in relation to experimentally manipulated needs, the data showed a clear oscillation of hunger (and fullness) that reflected the expected impact of consumed food on satiety signalling mechanisms. There appeared to be no apparent difference in the overall profiles of hunger and fullness sensations between the three groups of subjects. These data indicated that the obese individuals who reported no impact of sensations of hunger and fullness on their eating certainly have the capacity to report oscillations in the strength of hunger sensations in response to eating under certain conditions. Of course, the laboratory environment is clearly different from the natural turbulence of reallife situations where different appetite control processes may operate. However, these obese subjects were clearly able to detect and report the impact of food on satiety. There appeared to be no defect in the way in which consumed food was able to modulate the internal sensations.
However, closer inspection of the data did reveal group differences. One relevant feature that can be extracted from the hunger/fullness profiles is the degree of change that occurs across the course of a (fixed) meal. This change reflects the capacity of a meal of fixed weight, volume and energy to diminish hunger or to increase fullness which, in turn, can be regarded as the capacity of that food to adjust mechanisms of satiation. 5 Consequently, it is interesting that there were differences between the groups of obese subjects in this (fixed) meal-induced change in sensations.
Those individuals who reported no relationship between hunger/fullness experiences and their habitual eating behaviour, showed a significantly smaller change across the meal than those individuals who normally feel that hunger and fullness sensations do have a bearing on their eating. This difference, although small, has been detected under controlled experimental conditions and should be regarded as functional. This detected difference can be regarded as a biomarker that indicates a somewhat blunted response of satiation signals in response to meals of fixed dimensions. There is one further interesting feature of the rated sensations arising from the meals. The ratings of 'prospective consumption' were higher across the whole profile for the unrelated subjects compared with the other two groups. This occurred despite the fact that these subjects were reporting less hunger and greater fullness at the same time points. Although these subjects were not reporting high hunger, their sensations indicated that they could eat more food. A continual readiness to eat food is a feature of disinhibition, and this profile is therefore consistent with the high disinhibition score in these subjects. The sensations experienced by the unrelated group of subjects therefore appear to be qualitatively different from the other groups. Although it is important not to over-interpret these data, the ratings indicate that the unrelated subjects can eat food even when their hunger ratings are relatively low.
This difference between the groups in the modulation of satiety hunger/fullness sensations by meals is given greater relevance by a further difference in traits related to eating. Interestingly, those subjects who reported no relationship between the hunger experience and eating scored significantly higher on the TFEQ factors of disinhibition and hunger. Some authors have suggested that these factors could be treated as one super factor, 6 whereas others have dealt with the factors separately, as was originally intended.
Numerous reports indicate that a high disinhibition score is related to body weight 6 or to changes in body weight over time as measured in US 7 or UK 8 populations, and is Eating pattern and sensations of hunger or fullness B Barkeling et al associated with obesity in Canadian cohorts. 9 There is also evidence that high disinhibition scores are associated with dietary relapse. 10 The results of this study raise the possibility of an association between disinhibition and satiation or satiety. In a recent study of individuals defined as resistant or susceptible to weight gain on high-fat diets, we have disclosed that a high disinhibition score is one component that characterizes susceptible individuals who show a weak satiety response to dietary fat. 11 In this present study, the unrelated group is characterized by high scores on the trait of disinhibition and a somewhat weaker intra-meal modulation of satiation. Could these effects be related? One argument is that the processes that underlie disinhibition -which probably have a biological component -could interfere with the processing of food-related satiation signals. As disinhibition is believed to have a genetic locus, [12] [13] [14] it can be argued that the biological component of disinhibition could influence internal meal-related signalling. This study has added a further piece of evidence to indicate that obese individuals constitute a heterogeneous group of people. The related and unrelated individuals report that they operate with different psychological sensations under natural conditions. This study has demonstrated objective differences between these groups that can help to explain why they have different feelings about the relationship between food and their states of hunger and fullness. The outcome has suggested that the trait of disinhibition (and probably hunger) is related to homoeostatic controls that operate at the level of food-related satiety. Further evidence not reported here suggests that this interaction could be mediated by appetite-controlling peptides. The disclosure of differences among obese people is helpful because they can inform treatments by indicating that the 'one size fits all' model is inappropriate.
This study, which arose from a clinically relevant observation about the perception of hunger controlling eating, has revealed small but clear differences between different groups of obese people. The mechanisms that underlie these differences are currently under investigation and our hypothesis is that differences in plasma peptides link the high disinhibition scores with the intra-meal modulation of hunger sensations.
